INTRODUCTION
This paper describes a series of experiments set out to explore the effect of laminate thickness on the residual strength of impacted monolithic composite panels loaded in bending. The thickness of laminated composite structures is ever increasing in aeronautical applications. For example, the wing spars of the inner wings as well as the central wing box in modern aircraft are made from composite laminates with thickness exceeding 40 mm. For these structures, increasing levels of bending stresses are expected. This study was launched as a first attempt to study the effects of laminate thickness and bending loads for laminated composite structures. Here two laminate thicknesses are tested, both exposed to the same impact threat. Accompanying tests in compression are performed and reported to allow evaluation of the full effects of bending.
EXPERIMENTAL
Saab Aerostructures manufactured laminates from HTA/6376C carbon fibre/epoxy pre-preg 5769-01. Two laminate thicknesses were manufactured 4.16 mm and 8.32 mm, respectively. The plates were cut into specimens with a width of 156 mm and length of 260 mm and 450 mm for compression and bending tests respectively, according to the Saab internal standard [1] . The specimens were clamped (150x230 mm) and impacted in a drop-weight rig at 35 J using a spherical tup with a radius of 8 mm.
Fig. 1: Damage caused by a 35 J impact on a) 4 mm (left) and b) 8 mm (right) thick laminate
As seen in the C-scan pictures in Fig. 1 the impact damage is distributed through the whole thickness in the 4 mm specimen whereas damage in the 8 mm specimen only is observed in the upper part of the specimen, as a result of high contact stresses present during impact of the thicker laminate. The scatter in size of the damage in the 4 mm specimens is small; the width varies from 27 to 30 mm, whereas the scatter for the 8 mm specimens is large, as the width varies from 10 to 30 mm. The reason is that for the 8 mm specimens a 35 J impact slightly exceeds the energy threshold level for damage initiation.
Bending and compression tests
Bending tests were performed in a Zwick 150 kN electromechanical testing rig using a specially manufactured bending rig according to Fig. 2 . The tests were performed with a deformation test speed of 5 mm/min. The procedure during the bending tests was to load the specimens until a significant drop in load was recognised. The specimens were then unloaded and dismounted from the test rig. The failure was photographed using a digital camera. Some specimens were also subjected to fractographic analysis to determine failure distribution through the thickness. The fractographic analyses included inspection with ultrasonic C-scan and microscopy (optical and SEM). The impacted side was placed on the compression and tension sides in different tests. Compressive tests were performed on specimens with impact damage. The specimens had a width of 156 mm to fit in a rig earlier used at FOI (Swedish Defence Research Agency). Antibuckling devices were used during the tests.
RESULTS
Preliminary results imply that there is an effect of laminate thickness even for relatively thin laminates (nominal thickness 4 and 8 mm). The impact damage dimensions were found much larger for the thinner laminate, as expected (see Fig. 1 ).
Results for laminates loaded bending demonstrate an effect of thickness. For thicker laminates, when the impacted side is loaded in tension demonstrate a 15-20% higher strength than if loaded in compression. No such effects were observed for the thinner laminates, where the strength was unaffected subjecting the impacted side to compression or tension load. In general, the thick laminates demonstrated a residual strength twice that of the thinner laminates in bending after impact. The results from compression tests are still to be evaluated, and will be reported in the full paper.
